Abstract
Introduction

1
In the decade of 1990s, the Topex/Poseidon (T/P) mission combined with the ERS-1/2 2 satellites changed our sight of the sea level and ocean circulation fluctuations radically. (http://nettuno.ogs.trieste.it/sire/medargo/active/index.php). The specific semi-enclosed 28 morphology with a large fraction of coastal areas, shallow bathymetry and circulation 29 structures of the basin make profilers programmed with the Argo standard global parking 30 depth of 1000 m not appropriate for this program [Poulain et al., 2007] . This is why a parking 31 To calculate a consistent DHA with the altimeter SLAs, we use a mean dynamic height as a 1 reference computed through a synthetic climatology approach [Guinehut et al., 2006] . The 2 method to compute the synthetic climatology described in Guinehut et al. [2006] consists in 3 the combination of altimeter SLA with simultaneous in-situ dynamic height in order to 4 compute a mean dynamic height, which is referred to the time period spanning from January 5
2003 to December 2011. This climatology presents a global coverage and it has been recently 6 used by Legeais et al. [2016] to analyse global altimetry errors by using Argo and GRACE data. 7
In this paper we will test the mean dynamic height computed in the Mediterranean Sea at 400 8 dbar and 900 dbar to estimate DHAs. 9
Altimeter measurements 10
Radar altimeters provide SSH measurements that are not directly comparable with in-situ 11 measurements. Therefore, they must be first referenced and corrected from geophysical 12 signals in order to determine SLAs. In this work, we use SLAs obtained from SSALTO/DUACS 13 multimission (Saral, Cryosat-2, Jason-1, Jason-2, T/P, Envisat, GFO, ERS-1, ERS-2, and Geosat)has been computed with respect to a twenty-year mean referred to the period 1993 -2012. A 18 comprehensive description of SSALTO/DUACS is given in Pujol et al. [2013] and Pujol et al. 19 [2016] . The spatial resolution of the dataset is ⅛° × ⅛° and the time period used in this work 20 spans from January 1993 to April 2014. The quality of this product can be estimated among 21 others by comparison with in-situ Argo data. To perform this comparison, it is critical that both 22 types of data have the same interannual temporal reference [Legeais et al., 2016] [Oke and Sakov, 2008] . In other words, it is the part of the true signal that 1 cannot be represented on the chosen grid due to limited spatial and temporal resolution. al., 2016]. As a rule, the deeper the reference level, the more information from the T/S profiles 1 is considered. This involves a well sampled steric signal through the water column. However, a 2 lower number of vertical profiles (those that reach the reference level) are used in the 3 computation. On the contrary, shallower reference levels allow us to use more floats, although 4 the vertical steric signal will be less sampled. Thus, we aim at determining the impacts of a 5
given reference depth of integration on the Argo spatial sampling and on the comparison with 6 altimeter data in the Mediterranean basin. 7
As it was aforementioned, the choice of a deep reference level for Argo DHAs provides a 8 better estimation of the baroclinic signal. This is more in agreement with the observed signal 9 by altimetry [Legeais et al., 2016] . Therefore, we conduct the analysis on DH comparison 10 computed from Argo data referred to the deeper available reference depth of 900 dbar (nearly 11 900 m) and the specific altimetry product for the Mediterranean Sea. Results are reported in 12 Table 1 . The number of T/S Argo profiles used to compute DH (those that reach at least 900 m 13 depth) was 416, corresponding to 23 floats. The standard deviation of the differences between 14 shallower reference level of 400 dbar (almost 400 m) for the Argo anomalies but using the 19 same array of Argo profiles reaching 900 m. Now, 24 floats and 479 profiles are available to 20 compare with altimetry due to the synthetic climatology used to compute DHA referred to 900 21 dbar (see Table 1 ). Nonetheless, we kept the same number of floats and profiles than in the 22 previous computation in order to make both results comparable. The standard deviation of the 23 differences between SLA and DHA referred to 400 dbar computed from profiles spanning until 24 900 m depth was 5.04 cm (see Table 1 ). It represents an improvement of nearly 10 % in terms 25 of signal variance with respect to the STD diff. computed from Argo DHA referred to 900 dbar 26 (5.31 cm). Moreover, the correlation coefficient increased from 0.80 to 0.82. These slightly 27 better results (also confirmed from the bootstrap analyses) show that in the Mediterranean 28 basin, it will be advisable to compare SLA from altimetry with DHA from in-situ Argo data 29 referred to 400 dbar. 30
Consequently, DHA referred to 400 dbar was recomputed but using all the available 31 profiles reaching 400 m depth. Now, the number of T/S Argo profiles used to compute DH 32 increased to 2258, thus corresponding to 41 Argo floats. Notice that this more comprehensive 33
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number of Argo profiles is almost 6 times larger than the profiles used to compute DHAs 1 referred to 900 dbar. The standard deviation of the differences of SLA ─ DHA was 4.92 cm 2 while the correlation between both datasets decreased to 0.76. We will consider this STD 3 value as the mean error of the Argo -SLA differences in the Mediterranean and therefore it 4 will be used to perform the OSSEs. Notice that this result represents an improvement of 14 % 5 in terms of signal variance with respect to the one obtained from the differences between SLA 6
and DHA referred to 900 dbar. This is an unexpected result since the larger thickness of the 7 water column integrated in the latter should promote a lower value of STD. A plausible 8 explanation of this outcome will be done in Section 5. 9
4-Impact of the number of Argo floats on the reconstructed SLA fields
10
In this section we aim to investigate which configuration in terms of spatial sampling of the 11
Argo array in the Mediterranean Sea will properly reproduce the mesoscale dynamics in this 12 basin, which is comprehensively captured by new standards of specific altimeter products for 13 this region. To do that, several OSSEs have been conducted to simulate the Argo observing 14 system in the Mediterranean assuming altimetry data computed from specific reprocessed 15 gridded merged product for the basin as the "true" field. 16
Experiments design 17
In a first step, OSSEs have been performed for daily SLA maps along 2014 by applying the 18 Optimal Interpolation (OI) technique. The region considered covers the entire Mediterranean 19 basin. The original altimetry dataset has a spatial resolution of ⅛° × ⅛° and presents 17283 grid 20 points (see Table 2 ). Daily SLA maps were sub-sampled with the different spatial resolutions 21 displayed in Table 2 Before the computation, the sub-sampled daily SLA maps were perturbed with a random 25 noise by using a normal distribution function only depending on the standard deviation of the 26 differences of SLA ─ DHA (4.92 cm) computed in Section 3. This STD diff. corresponds to the 27 sum of the instrument and the representation errors. Then, seven experiments were 28 conducted to reconstruct the different sub-sampled daily SLA fields in the Mediterranean 29 along 2014 with a spatial resolution of ⅓° × ⅓° by applying the OI technique. The parameters 30 used for the computation of the reconstructed fields were the following: (i) the first guess used 31 to obtain the statistically null-mean residuals was computed by fitting a polynomial of degree 32 1. This first guess will be subsequently added after the computation to recover the total daily 1 field; (ii) the filtering scale was set to be twice over the spatial distance between stations 2 (according to the box size used in each experiment). Table 2 Mediterranean (2° × 2°). Therefore, this spatial configuration only retrieves 21 % of SLA signal 9 variance due to a poorer capture of the mesoscale features. These maps also exhibit the larger 10 annual variability. This is an expected result that can be explained by both the challenge of 11 reconstructing the same scale signals with only 69 stations (grid points) and the larger filtering 12 scale (around 450 km) used in the experiment (see Table 2 ). The mean RMSE of the recovered 13 maps exponentially decays as the box-size of the sub-sampled altimetry fields diminishes and 14 therefore, the number of stations enhances. As a result, the mean RMSE reaches an 15 asymptotic value of 2.4 cm (equivalent to 28.7 % of SLA signal variance) for the SLA maps program target. However, this issue is of concern since it can help the current ocean state 10 estimates. 11
To do that, we have conducted several Observing System Simulated Experiments (OSSEs) in 12 the basin. The errors of Argo -SLA differences required to perform the OSSEs were obtained 13 through the comparison of SLAs from altimetry and DHAs computed from the in-situ Argo 14 network. The comparisons have been focused on the sensitivity to the reference level (400 15 dbar or 900 dbar) used in the computation of the Argo dynamic height. We found that the 16 number of Argo profiles reaching 900 m used to compute DHA is almost 6 times smaller than 17 those reaching 400 m. Therefore, the choice of the reference depth has repercussion in the 18 number of valid Argo profiles and thus in their temporal sampling and the coverage of the Argo 19 network used to compare with altimeter data. In addition, the computation of the differences 20 between altimetry and Argo data referred to both 400 and 900 dbar revealed a standard 21 deviation of SLA -DHA differences 1.67 cm lower (in terms of variance) when computing DHA 22 referred to 400 dbar. This fact, together with both a higher correlation coefficient between 23 both datasets and the larger number of available profiles, make that 400 dbar should be 24 considered as reference level to compute DHA from Argo data in the Mediterranean basin. 25
This leads to a standard deviation of the differences between both datasets of 4.92 cm 26 (equivalent to 90 % of SLA signal variance). Conversely, one would expect better results when 27 using 900 dbar as reference level because the physical content (variance) of a larger fraction of 28 the water column is considered when computing Argo DH. However, the climatology used here 29 to compute DHA could be not as accurate at that level due the lower number of historical data 30 available at that depth, then resulting in larger standard deviations of the differences between 31 both datasets. 32 
